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ABSTRACT
A multiperiod regional mathematical programming model is used to evaluate the potential
economic impacts of global climatic change on the southern U.S. forestry sector. Scenarios for
forest biological response to climate change are developed for small and large changes in forest
growth rates. Resulting changes in timber supply have economic impacts on producers and
consumers in forest products markets, both nationally and regionally. Conclusions include outer
dimensions of global climate change impacts and potential effects of smaller biological responses
on the forestry sector both nationally and in the U.S. South. Relative impacts are found to be
larger for producers than for consumers, and southern producers experience relatively greater
changes in economic welfare.1
Introduction
Global climate change is likely to impact forests and forestry in the United States. Regions in the
U.S. may be differentially affected. Forecasts of climatic change and of the biological response to
climate change in trees and forests are still largely hypothetical. Though much research is being
done on aspects of climate change and biological response, conclusions are still  preliminary.  
This research investigates potential economic impacts of climate change on the forest products
sector nationally and in the southern United States. A number of hypothetical biological
responses to climate change are considered, representing small changes and likely boundaries on
the range of forest response to stresses induced by global change. For this exploratory study,
scenarios are not based directly on climatic descriptors, but on alternative changes in forest
growth rates and in stand establishment costs which might result from climatic changes. Sectoral
economic impacts are assessed in terms of production, forest inventory, price levels and
economic welfare.
Literature 
Much has been written in recent years about the potential effects of climate change. Several
studies have explored the possible impact of climate change on the agricultural sector (e.g.
Adams, et al. 1990; Kane, et al. 1992). In general, these studies use hypothesized climatic
scenarios, often based on General Circulation Models (GCMs). The climate scenarios are
combined with information and assumptions in a biological model of annual crop response to
temperature, precipitation, and atmospheric composition changes to determine yields. Resulting
economic impacts are determined through the effects of this change in supply on market
equilibria and economic welfare. Articles have considered impacts at the farm level (e.g., Kaiser,
et al. 1993), the national level (e.g., Adams, et al. 1990), and the impacts on international markets
(e.g. Reilly and Hohmann 1993; Tobey, et al. 1992).  Mendelsohn, et al. (1994) examine the
impacts of climate change on agricultural land prices.
In forestry, the extent of knowledge concerning the biological response to climate change is more
limited. The annual nature of most agricultural crops versus the multi-decade growing cycle for
trees leads naturally to relatively less information about climate change effects on forests. Short-
term experimental results have not yet been validated for the life of the tree. In particular, little is
yet known about how the response of an individual tree to climatic changes generalizes to stand
and forest levels. An understanding of the response of the forest as a whole over relevant time
frames is critical for the analysis of forest sector supply changes and resulting economic
consequences of climate change.
A second category of prior studies examines carbon sequestration in forests as a way of
mitigating global climate change. The economic impacts of large tree-planting programs in the
U.S. have been investigated by, among others, Adams, et al. (1993); Haynes, et al. (1994); and
Alig, et al. (1995); and in Canada by Van Kooten, et al. (1992).
The remaining literature consists of a few studies which utilize varying assumptions to examine
the potential impacts of climate change on the forestry sector. Van Kooten and Arthur (1989)
study hypothetical increases in the biomass of certain forests in Canada under three alternative
growth assumptions for the rest of Canada and the United States. They conclude that, under free2
trade assumptions, the overall economic welfare implications of climate change may be negative
for Canada. In a similar study, Van Kooten (1990) examines the impact of 5 percent and 7.5
percent increases in harvests in Canada together with increases or decreases of similar
magnitudes for U.S. harvests. He concludes that consumers in both countries benefit but that
producers lose, and that the overall impact is positive for Canada only when harvests in the U.S.
decline.
Burton, et al. (1994) explore the case in which regions of the U.S. are differentially affected by
climate change, depending on the realized pattern of warming and precipitation changes. They
consider forest yield changes of ± 5 % and ± 10 % and find that if net forest growth increases
nationally due to climate changes, the northern U.S. will benefit relatively more than the southern
U.S. If net forest yields decrease nationally, the southern U.S. will benefit relatively more
economically. If yields in the southern U.S. decline while rising elsewhere, the southern U.S. will
lose economic welfare.
de Steiguer (1994) evaluates the economic impacts of mitigating climatic changes through tree
planting. He finds that the increased inventory results in net benefits to producers and consumers.
Alig, et al. (1995) consider market level interactions and the linkage between the forestry and
agricultural sectors when examining the impacts of afforestation programs under global change
policies. They find smaller net effects than in static studies (e.g. Park and Hardie, 1994) because
of countervailing land transfers back to agriculture.
Global Climate Change
The change in global climate considered here is that induced primarily by increasing
concentrations of atmospheric CO . Climatic descriptors used in the literature generally come 2
from GCMs. These models are large and complex and disagree on predicted climate for a
doubling of CO . Adams, et al. (1990) and Kaiser, et al. (1993) comment on the disparity of 2
predictions and the sensitivity of results to the climatic descriptor chosen. Robock, et al. (1993)
formally compare the predictions of five GCMs for use in impact analysis and find results highly
sensitive to the GCM used.
However, there is general agreement that the warming effects will likely be greatest in the
northern and temperate latitudes. In the United States, the southeastern area may experience a
rise in temperature and no change or a slight decrease in precipitation. The northern latitudes and
other areas in the U.S. may experience a rise in temperature and no change or a slight increase in
precipitation (Adams, et al. 1990; Melillo, et al. 1993; Rind, et al. 1992). In addition, a potential
fertilization effect may result from increased concentrations of CO  (Sedjo and Solomon 1989). 2
The FASOM Model
The model used for this study is the Forestry and Agricultural Sector Optimization Model
(FASOM) (Adams, et al. 1994; Adams, et al. 1996). The forestry and agricultural parts of
FASOM can work independently, and only the forestry model is used for this study. FASOM is a
large multi-sector, regional, multi-period nonlinear mathematical programming optimization
model written in GAMS (Brooke, et al. 1988). FASOM models stumpage and log markets. It3
maximizes the present value of the sum of the economic surpluses. The model forecasts 10
decades. Only the first six decades are reported here, so that any distortions induced by terminal
conditions are largely eliminated.
For these projections, predefined FASOM regions of the contiguous United States are
aggregated. The southern region includes the Southeastern and South Central U.S. The northern
region includes the Pacific Northwestern states, the Rocky Mountains, the Lake States and the
Northeastern U.S. The remaining states in the Corn Belt, Great Plains, Southwest, and California
are considered as an aggregate SW region. The northern and southern regions are specified along
approximate latitudinal and regional lines.
Important exogenous variables in FASOM are public cut, forest products international trade
flows and forest products demands.  These variables are generated in the Timber Assessment
Market Model (TAMM) (Adams and Haynes 1996) and are inputs into FASOM. Variables
endogenous to FASOM include area harvested and production volume for industrial and
nonindustrial private forests, market prices and timber harvesting decisions. Softwood and
hardwood products considered are sawtimber and pulpwood.
Inventory existing at the model's starting decade is modeled separately from stock planted during
the model run. This allows exploration of changing stand establishment costs resulting from
climate change impacts. Although the model may potentially treat existing and new inventory
differently, identical changes in growth rates are assumed for this study. FASOM can distinguish
different levels of management intensity and maintains a comprehensive inventory description.
Per acre yield estimates and inventory data are derived from ATLAS data sets (Mills and Kincaid
1992). This timber yield information is empirically based and reflects recent inventories and
inventory events, such as fires.
Scenarios
This study considers eleven scenarios of growth and management cost changes induced by global
climate change. They are compared to the FASOM base scenario. The set of scenarios is
designed to explore both small changes and extremes of potential climate change impacts.
Three national increase scenarios explore positive changes in productivity in both the northern
and southern regions, representing the cases of positive climate change influence on tree growth
rates. For simplicity, since timber production is relatively low in the SW when compared to the
Southern and Northern regions, no change is assumed for the SW region. National increase
scenarios examine 5%, 15%, and 50% increases in decadal growth rates. 
Growth rate changes are compounded over the six decades: a plus 5% change in growth rate will
result in (1.05)   or 34% more growth by the end of six decades. Sousa (1994) describes the
6
detailed calculations of growth rate changes in the context of the FASOM model. Yield tables in
FASOM are adjusted to reflect growth rate changes.  In essence, the shape of the yield curve is
changed by applying the percentage change of the scenario to the derivative of the yield curve.
There are three national decline scenarios that model cases in which global changes have a
negative impact on tree growth. Growth rates fall by 5%, 15%, and 50% in both the northern and
southern regions.
There are three southern decline scenarios, in which the northern and southern regions are
differentially affected by climate. Temperature increases and precipitation changes may facilitate4
forest growth in the northern region and inhibit it in the southern latitudes. Three scenarios are
specified in which the northern region gains in growth rate what the southern region loses. The
small change scenario considers a 5% increase in northern growth rates and a simultaneous 5%
decline in southern growth rates. The intermediate impact southern decline scenario examines
changes of 15% and the extreme scenario considers changes of 50%.
The last scenarios examine potential impacts on the forestry sector if temperature and
precipitation changes in the southern region have no impact on growth of mature trees but make
it difficult for young trees to get started. In particular, if increased mortality of young trees
occurs, stands will be much more expensive to establish. One scenario considers a doubling of
stand establishment costs in the southern region; the other examines an extreme 500% increase in
southern stand establishment costs.
The Base Scenario
The FASOM base scenario provides a benchmark for comparison.  Table 1 summarizes market,
inventory, price and welfare information from the base scenario over six decades. The base
FASOM run is detailed in Adams, et al. (1996).  National values and those for the southern
region are shown.
Volume of timber produced is presented for softwood and hardwood pulp and for softwood and
hardwood sawtimber. These are decade totals, representing ten years of harvests. The inventory is
broken out into softwood and hardwood and into management intensity classes of high, medium
and low.  The low MIC category includes both the FASOM low and low-low MICs.
Because the FASOM model clears a national market, only a national price is reported for each
market category. Economic welfare is presented as the present value of national consumer
surplus, national producer surplus and southern producer surplus for each decade. Each surplus
comes from markets clearing a decade’s worth of production and is consequently large.
Production increases nationally in all categories during the six decades of the base scenario.
Southern production of softwood timber increases markedly, but hardwood production rises
relatively much less. Consistent with this is the movement of inventory from the low
management intensity class into the medium management intensity class both nationally and in
the southern region.
The pattern of real prices varies with product. Real softwood pulp prices fall and then rise. Real
hardwood pulp prices rise steadily. Real softwood sawtimber prices fall steadily after the second
decade. Real hardwood sawtimber prices rise. These price patterns and production amounts are
reflected in the economic welfare measures. Real consumer surplus rises. Real producer surplus
rises nationally, but rises relatively more in the southern region, reflecting a movement of
softwood market share to the south.  
National Increase Scenarios
Tables 2, 3 and 4 present results from the national increase scenarios of 5%, 15% and 50%
respectively. The values are percent changes from the levels in the FASOM base scenario. A 5%
increase in decadal forest growth rates has a mixed impact on national production (Table 2). Both
softwood and hardwood pulp production fall nationally and in the south relative to the base
scenario. Hardwood pulp production rises during the last decade. Softwood sawtimber5
production rises nationally, but falls in the south. Hardwood sawtimber production generally
rises, more so in the south.
The increased growth rate results in negative total softwood inventory changes nationally and in
the southern region. Producers move volume into lower management intensity classes. The large
percentage changes relative to the base scenario in the high MIC categories are due to the small
volume in this class in the base scenario. The NA denotes not available, as there is no volume in
the high MIC category in the base scenario for the last two decades in the southern region.
Corresponding to the decreased volume in the upper MICs are the rising volumes in the low
MIC. In hardwoods, management intensity increases nationally and on some land in the south. 
Southern hardwood inventory also moves into the low MIC.  Overall, management shifts
nationally result in small negative changes in inventories. In the south, forest converts from
softwoods to hardwoods. 
Prices for all product categories fall relative to the base scenario. Consumer surplus is up slightly.
However, producers are negatively affected both nationally and in the south, and the effects
increase over the six decades. Southern producers initially lose almost half of the base scenario
surplus, recapture some, only to continue to lose over the projection period.
A 15% increase in forest growth rates has more marked effects (Table 3). Nationally and in the
south, production moves from pulp to sawtimber. In the southern region, production falls toward
the end of the projection period. Total inventories fall nationally and in the southern region.
Producers move volume out of the medium intensity classes. Some volume moves to the high
MIC, but most softwood inventory moves into the low MIC. In hardwoods, inventories move
into the higher MIC. With growth rates increased by 15% and costs unchanged, yields rise and
output price falls.  There is less return to management and timberland moves into the lower
MICs. 
Prices uniformly fall when there is a 15% increase in growth rates. The resource becomes more
plentiful. This is reflected in the declines in producer surplus, both nationally and for the
southern region. Southern producers lose slightly more relatively. Consumers gain from the
increased availability of the resource.  
As an extreme case, a 50% increase in decadal growth rate is considered in Table 4. Production
of all products rises initially. Toward the end of the projection period, pulpwood production falls
as sawtimber production rises nationally. A similar upward pattern is evident in the southern
region for the early decades. However, there are major downward changes in southern production
of all products during the latter decades. 
A 50% increase in growth rate causes softwood inventory to fall nationally and in the southern
region. Softwood inventory levels fall as management is largely abandoned and volume moves
into the low MIC category.  Hardwood inventories rise both nationally and in the south, but there
is less management.  
Reflecting the great increase in resource availability from the increased growth rates, prices fall
for all categories, except for a small upward movement in softwood pulp prices in the third and
fourth decades. These price declines are reflected in the consumer surplus gains across all time6
periods. They are also evident in the dramatic producer surplus losses. Producer surplus goes to
zero in the south in the fifth decade and is actually negative in the sixth decade.
In sum, when growth rates rise in both the northern and southern latitudes, the forest resource
becomes more plentiful.  Management intensity generally falls, leading to lower inventory levels.
In the south, land is converted from softwoods to hardwoods. Prices generally fall, consumers
gain and producers lose.
National Decline Scenarios
Tables 5, 6 and 7 present results from the national decline scenarios of 5%, 15% and 50%
respectively. A 5% decrease in forest growth rates shows national pulp production increasing, but
sawtimber production decreasing. In the southern region, production increases in all categories
despite some downward changes in the middle decades. 
Total inventory decreases nationally. In the south, softwood inventory increases while hardwood
inventory falls.  Overall, land moves from the high and low categories to the medium MIC as
producers act to mitigate growth rate declines. Producers are also abandoning the high MIC,
perhaps finding high intensity management less profitable in the face of growth rate reductions.
Prices for pulp rise, as do prices for sawtimber. Prices for hardwood pulp and hardwood
sawtimber increase relatively more. Consumers lose due to the higher prices. Producers are
positively affected by the increased prices, southern producers especially.
A 15% decline in forest growth rates has larger effects (Table 6). Nationally, production moves
from sawtimber to pulp. In the southern region, production shifts from hardwood sawtimber are
especially large. In contrast, the southern region is producing relatively more softwood,
especially sawtimber, by the end of the projection horizon. 
Total inventory volumes are consistent with movement from hardwoods to softwoods. To
combat the decline in growth rates, producers move volume from both the low and high
management intensity classes to the medium MIC nationally and in the south. 
Prices rise markedly when there is a 15% decline in growth rates for every category but softwood
pulp. The forest resource becomes less plentiful, generally causing prices to rise precipitously. 
Pulp prices rise more slowly, reflecting large production increases.  With growth rates slowed, it
will take more time and cost more to create sawtimber, making pulpwood an attractive option for
sellers. Hardwood, more slow growing in general, commands prices 70 % to 80 % above those of
the base scenario by the end of the projection period for both pulp and sawtimber.
The return to producers for holding their trees longer, however, will be greater. This is reflected
in the rise in producer surplus, both nationally and for the southern region. Southern producers
gain relatively more, reflecting both the rising prices and shifts in production to softwood in the
south. By the end of the projection horizon, southern producer surplus is more than double that of
the base scenario. Consumers, on the other hand, are hit by the increased prices and lose
economic surplus throughout the projection period.
As an outer lower dimension, a 50% decline in growth rate is considered in Table 7. National
production of sawtimber falls. Softwood pulp production first falls then rises while hardwood
pulp production first rises then falls. A similar pattern is evident is southern production.
Inventories reflect the steep fall in growth rates. Total softwood inventory falls nationally, but
less so in the south. Producers move volume into the higher management intensity classes in an7
effort to retain volume in the face of drastic climate change effects. Hardwood inventory shows a
similar management intensity class shift. Total hardwood inventories fall much more sharply
than softwood inventories, indicating changes from hardwood to softwood when stands are
replanted after harvesting. 
Reflecting the large decrease in resource availability, prices rise for all categories. In fact, by the
end of the six decades, real prices of sawtimber, both hardwood and softwood, are at almost four
times the base level. Clearly, with prices this high, producers will gain. National producer surplus
rises substantially, ending up at six times the base scenario level. Southern producers gain
incredibly under this scenario: in the sixth decade their surplus is nine times the base level.
Consumers have to pay these higher prices for less production and experience large losses in
economic surplus.
In sum, when growth rates decline, production generally falls.  Management intensity increases. 
Especially in the southern region, inventory moves from hardwood to softwood.  Prices rise,
producers gain and consumers lose.
Southern Decline Scenarios
If latitudes in the U.S. are differentially affected, the northern region may gain forest growth at
the expense of the southern region. If there is a 5% increase in northern growth rates and a 5%
decline is southern growth rates (Table 8), national production is virtually unchanged. In the
southern region, production of sawtimber is down compared to the base scenario. Softwood pulp
production declines slightly and hardwood pulp production rises then falls.
National inventories of softwood and hardwood do not change much. There is some decline in
management intensity. In the southern region, both softwood and hardwood inventories fall.
Softwood volume is lost from all MICs. Hardwood volume moves from high and low MICs into
medium management intensity.
Price trends are basically flat or slightly down. Softwood pulp price falls during the last two
decades. Hardwood pulp prices fall or are unchanged. The effect on consumers is neutral. 
Producers lose some surplus to falling prices, and southern producers lose relatively more, due to
production volume changes and lower prices. 
If growth rates increase 15% in the northern latitudes and decline 15% in southern latitudes,
production falls nationally for pulp (Table 9). In the south, production falls consistently, except
hardwood pulpwood experiences increased production until the final decade. Production moves
across decades, being at times larger and at times smaller than production in the base scenario.
This indicates a change in rotation length.
National softwood inventory changes little. Hardwood inventories fall. Softwood management
declines while hardwood management increases. In the southern region, softwood and hardwood
inventories fall, reflecting the reduced growth rate. Softwood volume is reduced in all MICs.
Management efforts move to the medium level in hardwood.
Price trends are generally down. Softwood prices change less early on. Nationally, producers
lose. In the southern region, producer surplus is also down. Consumer surplus is basically
unchanged.
In an extreme case, the increase in growth rates in the northern region might be 50% while the
decline in southern growth rates is 50% (Table 10). Production changes are more variable in this8
scenario. Nationally, production of hardwood pulp rises then falls while production of hardwood
sawtimber generally rises compared to the base scenario. Softwood sawtimber production falls
until the last decade. Softwood pulp is generally down, substantially down by the sixth decade. 
The southern region, under this extreme scenario, basically gets out of the softwood business by
the end of the six decades. Softwood pulp is at 4 % of the base scenario level and softwood
sawtimber production is at 2 % of the base level, down 98 % compared to the base level.
Hardwood production is up relative to the base scenario at the beginning of the horizon,
reflecting a sell-off of beginning inventories. By the end of the projection period, however,
hardwood pulp production is at 66 % of the base level and hardwood sawtimber is at 52 %. In
this extreme scenario, the largest market left in the southern region is hardwood pulp.
Softwood inventories fall nationally and fall steeply in the south. Hardwood inventory falls some
nationally, but is only 30 % of the base level in the south after six decades. 
Price trends are mixed, reflecting national production. Softwood pulp price falls, rises and then
falls. Softwood sawtimber prices  follow a similar pattern. Hardwood pulp and sawtimber prices
are uniformly and substantially down from the base level by the end of the projection period. 
Nationally, producers’ economic welfare changes are basically down. In the southern region,
producers lose surplus after the initial decade. In fact, southern producer surplus is down 96 %
from the base scenario level in the sixth decade. This virtually reduces it to zero. Clearly,
southern producers will have trouble meeting their fixed costs out of this, and vast numbers will
likely shut down. 
The southern decline scenarios suggest hard times for producers, particularly southern producers,
and neutral effects on consumers. Inventories and production fall in the south.  Nationally, the
changes are not as great, as producers in the northern region benefit at the expense of producers
in the southern region.
Increased Establishment Cost Scenarios
Table 11 presents the model results for a doubling of stand establishment costs in the south. The
effects nationally on production are generally small.  In the south, softwood production falls
while changes in hardwood production are mixed. Softwood inventories fall nationally and in the
southern region as management intensity is increased for some volume and lowered for some.
Hardwood inventories are unaffected nationally, though there is some change in management
intensity. In the south, hardwood inventory effects are mixed and volume shifts out of the
medium management intensity class. 
Prices for hardwood fall and rise for softwood products.  Consumers lose and producers gain
after an initial loss. In the south, once the adjustment to a higher establishment cost regime is
made, producers gain.
If establishment costs increase by an extreme 500 %, softwood production is down nationally
(Table 12). Hardwood production moves across decades, rising in some and falling in others
relative to the base scenario. Softwood inventories fall nationally and in the southern region.
Management is apparently not profitable as volume moves to the low intensity class. Hardwood
inventories rise initially, then fall.  Lands moves into lower MICs.9
Prices generally rise, reflecting increased resource scarcity. Producers win and consumers lose. In
particular, southern producers adapt to the higher establishment costs and benefit from higher
overall prices.
When southern stand establishment costs rise, all else equal, prices rise, consumers lose and
producers gain.  Inventories are generally unaffected or falling as management intensity lessens.
Summary and Conclusions
The nature of climate-induced biological changes will greatly affect economic impacts. To
dimension the potential economic impacts, a variety of scenarios, including extreme cases, must
be considered. In this study, a range of assumptions about changes in forest growth rates and
stand establishment costs are made to explore the possible impacts on forestry sector markets and
economic welfare.
Across the growth-rate-change and establishment-cost-increase scenarios, results vary.
Production quantities do not change much from the base level for the 5% and 15% change
scenarios. The effects on southern producers are generally larger than the national effects. The
outer limit scenarios, considering 50% changes in growth rates, have drastic effects on southern
market quantities in particular. However, establishment cost increases in the south have to be
extreme before marked changes occur.
Inventories generally follow as expected from growth rate changes, except as total volume may
be modified by changes in management intensity. Producers seem to intensify management
somewhat to mitigate small growth rate declines and to take advantage of small growth rate
increases. In general, hardwood inventories seem more sensitive to growth-rate-decreasing
climate change impacts. Southern inventory changes seem more sensitive to growth-rate
increases. Southern inventories are particularly sensitive to the southern decline scenario
assumptions of increased growth in northern latitudes while the south experiences growth rate
declines.
Prices of hardwood tend to change more than softwood prices in response to the growth rate
change scenarios. Softwood prices respond to increased establishment costs while hardwood
prices remain stable.
The economic welfare consequences follow price trends. Nationally, consumers aren’t affected
much unless the growth rate changes are extreme. Producers lose when growth rates increase and
the forest resource becomes generally more plentiful. When growth rates decline, the resource
becomes more scarce and producers are able to increase their surplus. When establishment costs
rise, after some adjustment, producers are able to benefit from increased prices and gain surplus. 
These results are generally consistent with those from earlier studies to the extent that they are
comparable. Van Kooten (1990) also finds that the impacts on producers are likely to be
negative, while consumers are likely to benefit.
The sensitivity of these results to certain aspects of the model should be considered. The
scenarios evaluated in this study are constructed so that climate change effects are fully
implemented in the first decade.  In reality climate changes are likely to occur gradually with
resultant phased-in effects.  Effects which occur over time give greater opportunity for economic
agents to adjust behavior to mitigate potential negative effects. This is an obvious area for further
research.10
In this study, land in forestry is fixed. In reality, acres would be expected to come into forestry
when profits are high and to move out of forestry when profits sag. Alig, et al. (this volume)
investigate land shifts between forestry and agriculture.
This study incorporates perfect foresight on the part of economic agents and the mathematical
programming model permits the resulting changes, sometimes large changes, to be realized
immediately as economic agents adjust their behaviors to scenario conditions.  Hence, some
major shifts occur in the first decade or two in this model, while in reality such changes likely
would take more time.  In addition, this is a full information model, in which all economic agents
know everything about the model for the full projection timespan.  In reality, this is not the case. 
To the extent that true behavior may be only partially adaptive in any time period and may be
based on inaccurate and/or incomplete information, the results from these simulations can be
seen as representing outer dimensions of potential economic impacts.
While these scenarios are designed to explore climate change effects and their extremes, the
impact on timber producers appears to be potentially very large when compared with the possible
effects on consumers.  Even considering the limitations of the study, the consequences of
potential climate change appear to be significant.  In particular, the extreme cases show that the
impacts of climate change have large potential economic dimensions. It is clearly in the interests
of producers to try to narrow the amount of uncertainty around climate change impacts. Better
climate models and, in particular, enhanced understanding of the biological response of whole
forests to climate change is necessary and a prerequisite to more focused economic impact
estimates.  The value of this information to forestry producers, in particular, could be quite high.
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Table 1. FASOM Base Scenario.
National Southern Region
Decade 123456 1 2 3456
Variables units
Production
SW pulp bcm 0.73 0.86 1.57 1.49 1.65 1.47 0.35 0.60 1.35 1.35 1.32 1.21
HW pulp bcm 0.68 0.89 0.76 0.87 1.21 1.05 0.43 0.52 0.46 0.58 0.62 0.46
SW saw bcm 2.55 2.32 2.51 2.56 2.82 2.98 0.82 1.29 1.88 1.92 1.78 1.66
HW saw bcm 0.95 0.97 1.22 1.23 1.01 1.09 0.29 0.57 0.70 0.82 0.48 0.43
SW Inventory
  total bcm 5.49 4.87 6.02 6.61 7.33 7.61 2.49 2.93 4.36 4.43 4.34 4.47
  high MIC bcm 0.16 0.48 1.65 1.07 0.08 0.03 0.09 0.39 1.54 0.93 0.00 0.00
  medium MIC bcm 0.45 0.92 2.39 3.50 4.84 4.88 0.36 0.75 2.09 2.88 3.75 3.78
  low MIC bcm 4.88 3.47 1.99 2.04 2.40 2.70 2.04 1.79 0.72 0.62 0.59 0.69
HW Inventory
  total bcm 6.97 7.32 7.27 7.22 7.12 6.83 3.45 4.06 3.90 3.77 3.40 3.36
  high MIC bcm 0.01 0.09 0.13 0.06 0.01 0.01 0.01 0.08 0.12 0.05 0.00 0.00
  medium MIC bcm 0.03 0.27 0.35 0.62 0.90 0.90 0.03 0.27 0.33 0.58 0.82 0.82
  low MIC bcm 6.93 6.95 6.80 6.54 6.22 5.93 3.42 3.70 3.45 3.15 2.57 2.54
Prices
SW  pulp $/cm 53.68 57.91 44.50 45.56 53.32 52.26
HW pulp $/cm 22.95 25.07 30.02 33.90 38.85 44.14
SW saw $/cm 74.51 79.46 68.16 67.10 58.97 57.56
HW saw $/cm 30.37 33.20 38.14 40.96 45.56 50.15
Welfare (NPV)
CS $Bil 1024 934 1134 1420 1598 1592
PS $Bil 104 106 69 73 106 133 21 55 41 49 53 55
bcmbillion cubic meters
$/cmdollars per cubic meter14
Table 2.  Climate Change Scenario: 5 % National Growth Rate Increase.
Percent Change in Variables From Base Scenario Values.




  SW pulp -3 4 -3 -1 -4 -9 -11 10 -3 -4 -2 -12
  HW pulp 10 -4 4 -4 -10 4 -2 2 -2 -13 2 17
  SW saw 1 2 2 -1 0 4 -9 11 0 -2 2 -9
  HW saw -1 4 1 2 10 2 -11 -2 10 0 25 10
SW Inventory
  total 0 0 -3 -2 0 -2 0 5 -5 -4 -3 -10
  high MIC 0 -11 -6 47 6 101 0 -12 -7 54 NA NA
  medium MIC 0 5 -4 -19 -3 -7 0 6 -5 -24 -5 -13
  l o w  M I C 012047 093294
HW Inventory
  t o t a l 0- 1 - 1 - 1 - 14 022146
  high MIC 0 -17 12 37 8 101 0 -18 13 46 NA NA
  medium MIC 0 2 -22 -13 -11 3 0 2 -24 -15 -13 2
  l o w  M I C 0- 10- 114 024397
Prices
  SW pulp -8 -9 -2 4 -5 -5
  HW pulp -5 -7 -12 -14 -17 -22
  S W  s a w - 6- 7- 3- 9- 4- 5
  HW saw -5 -6 -9 -12 -16 -20
Welfare
  C S 232223
  PS -17 -24 -24 -27 -33 -28 -47 -20 -27 -32 -35 -4115
Table 3.  Climate Change Scenario: 15% National Growth Rate Increase.
Percent Change in Variables From Base Scenario Values.




  SW pulp 1 4 -9 -8 -11 -28 -2 10 -12 -12 -12 -39
  HW pulp 5 23 21 -11 -34 -4 -16 53 11 -37 -23 -16
  SW saw 4 1 1 -1 2 10 -1 12 -6 -7 -2 -32
  HW saw 1 8 -4 7 33 9 -18 15 -4 -6 82 -1
SW Inventory
  total 0 -2 -7 -6 -2 -2 0 0 -14 -16 -16 -27
  high MIC 0 -4 9 80 2204 3744 0 -2 9 90 NA NA
  medium MIC 0 -11 -30 -41 -51 -48 0 -15 -36 -53 -72 -71
  l o w  M I C 0069 2 1 3 9061- 1 2 7 5 8
HW Inventory
  total 0 1 -3 -6 -7 0 0 6 -5 -12 -12 -15
  high MIC 0 -7 14 195 1826 2037 0 -7 14 241 NA NA
  medium MIC 0 -30 -41 -63 -76 -45 0 -31 -43 -69 -85 -53
  l o w  M I C 02- 1- 306 09- 2- 56- 4
Prices
  SW pulp -16 -18 1 7 -8 -9
  HW pulp -10 -14 -21 -26 -32 -40
  SW saw -12 -15 -11 -17 -7 -8
  HW saw -12 -14 -20 -23 -29 -35
Welfare
  C S 573345
  PS -34 -52 -44 -45 -54 -41 -66 -55 -52 -55 -62 -7616
Table 4.  Climate change Scenario: 50 % National Growth Rate Increase.
Percent Change in Variables From Base Scenario Values.




  SW pulp 5 7 -29 -41 -28 -65 14 11 -39 -53 -44 -87
  HW pulp 10 15 26 23 -10 -5 22 35 -12 -14 0 -51
  SW saw 8 10 -6 4 13 22 19 14 -31 -30 -25 -79
  HW saw 1 12 -5 -8 15 10 8 9 -59 -59 -55 -73
SW Inventory
  total 0 0 -13 -9 -1 -11 0 -6 -32 -35 -41 -72
  high MIC 0 -19 -35 -45 89 444 0 -27 -41 -65 NA NA
  medium MIC 0 -6 -42 -60 -64 -62 0 -11 -53 -82 -100 -100
  low MIC 0 4 38 99 122 75 0 0 44 228 333 78
HW Inventory
  total 0 6 12 18 26 32 0 2 0 16 34 29
  high MIC 0 -49 -59 -40 112 526 0 -55 -68 -79 NA NA
  medium MIC 0 -44 -77 -89 -85 -83 0 -46 -83 -100 -100 -100
  l o w  M I C 0 9 1 82 94 25 0 0 6 1 03 87 77 0
Prices
  SW pulp -20 -22 2 3 -17 -28
  HW pulp -10 -13 -24 -32 -40 -46
  SW saw -16 -23 -21 -21 -16 -31
  HW saw -12 -16 -24 -28 -36 -45
Welfare
  C S 69556 1 0
  PS -43 -60 -52 -55 -66 -70 -62 -70 -79 -83 -100 -10317
Table 5.  Climate Change Scenario: 5 % National Growth Rate Decline.
Percent Change in Variables From Base Scenario Values.




  SW pulp -1 0 -6 4 2 6 1 -2 -6 3 4 8
  H W  p u l p - 871 1 5 - 13 0151 1 2 1 4
  SW saw -1 -1 -7 -1 0 -3 2 -5 -8 0 1 5
  HW saw 0 -5 -3 -9 -3 -8 12 -6 -1 -19 14 9
SW Inventory
  total 0 -1 -2 1 -1 -1 0 -3 -2 3 2 5
  high MIC 0 5 -3 -71 74 -13 0 7 -4 -84 NA NA
  medium MIC 0 -8 0 26 1 4 0 -10 0 33 4 10
  low MIC 0 0 -2 -4 -6 -9 0 -2 -3 -8 -10 -19
HW Inventory
  total 0 0 1 -1 -2 -5 0 -2 0 -1 3 -8
  high MIC 0 11 -31 -63 61 -10 0 12 -33 -83 NA NA
  medium MIC 0 -11 41 28 11 -2 0 -11 44 30 13 0
  low MIC 0 1 -1 -3 -4 -6 0 -2 -3 -6 0 -10
Prices
  S W  p u l p 332222
  HW pulp 5 7 9 11 15 20
  S W  s a w 233545
  HW saw 4 5 8 14 1 17
Welfare
  CS -1 -1 -1 -2 -2 -2
  PS 6 12 12 29 21 20 20 8 15 25 37 4418
Table 6.  Climate Change Scenario: 15 % National Growth Rate Decline
Percent Change in Variables From Base Scenario Values.




  SW pulp 3 -6 3 14 8 21 13 -10 6 12 14 30
  HW pulp 12 6 -6 19 -8 -1 38 2 13 -10 8 11
  SW saw -2 -3 -6 -2 0 -8 13 -17 -3 1 4 21
  HW saw -13 -8 -7 -17 -12 -21 39 -12 -5 -60 1 -9
SW Inventory
  t o t a l 02652- 1 0- 39 1 0 1 4 1 3
  high MIC 0 8 -8 -82 150 444 0 10 -8 -100 NA NA
  medium MIC 0 10 25 40 9 6 0 16 32 55 22 23
  low MIC 0 -1 -7 -10 -16 -20 0 -14 -20 -35 -37 -49
HW Inventory
  total 0 -2 -5 -7 -13 -18 0 -12 -15 -22 -16 -30
  high MIC 0 17 -33 -73 134 952 0 19 -36 -100 NA NA
  medium MIC 0 7 65 52 17 6 0 7 70 58 23 12
  low MIC 0 -2 -8 -12 -18 -22 0 -14 -23 -36 -29 -44
Prices
  SW pulp 7 11 -2 0 0 4
  H W  p u l p 1 72 63 74 66 78 3
  S W  s a w 5 8 2 72 92 53 0
  H W  s a w 1 62 02 74 06 07 3
Welfare
  CS -2 -5 -7 -7 -7 -9
  PS 13 38 78 118 87 88 63 23 106 87 127 16619
Table 7.  Climate Change Scenario: 50 % National Growth Rate Decline.
Percent Change in Variables From Base Scenario Values.




  SW pulp -10 -4 -4 7 4 7 9 -14 1 2 12 12
  HW pulp 31 3 6 36 -19 -17 84 17 5 35 -34 -20
  SW saw -12 -14 -32 -31 -33 -43 5 -26 -35 -32 -27 -29
  HW saw -24 -15 -27 -44 -36 -58 61 -1 -59 -43 -79 -95
SW Inventory
  total 0 6 -6 -12 -20 -27 0 -2 -9 -10 -8 -13
  high MIC 0 -8 -23 38 2036 4640 0 -10 -31 17 NA NA
  medium MIC 0 27 11 -22 -45 -46 0 42 22 -8 -30 -31
  low MIC 0 3 -13 -21 -42 -44 0 -19 -51 -61 -78 -77
HW Inventory
  total 0 -10 -20 -29 -42 -49 0 -27 -42 -47 -65 -66
  high MIC 0 0 27 254 2858 8315 0 0 24 289 NA NA
  medium MIC 0 24 75 6 -27 -27 0 26 83 13 -21 -20
  low MIC 0 -11 -26 -34 -47 -56 0 -32 -57 -63 -86 -88
Prices
  SW pulp 40 63 26 94 132 191
  HW pulp 32 61 105 134 197 244
  SW saw 29 46 143 188 235 278
  HW saw 27 46 80 118 186 264
Welfare
  CS -11 -21 -30 -38 -46 -56
  PS 62 163 345 597 562 503 222 166 385 677 727 80720
Table 8.  Climate Scenario: 5 % Southern Growth Rate Decline,
5 % Northern Growth Rate Increase.
Percent Change in Variables From Base Scenario Values.




  SW pulp 1 -2 -1 -1 0 0 2 -3 -1 -3 1 -1
  H W  p u l p 100- 102 0416- 50
  SW saw 0 0 -1 -1 0 -1 2 -4 -4 -6 -3 -5
  H W  s a w - 10000- 1- 37- 8 - 2 - 2 4 - 1 2
SW Inventory
  t o t a l 000010 0- 2 - 2 - 3 - 2 - 5
  high MIC 0 1 -3 -7 24 111 0 0 -3 -9 NA NA
  m e d i u m  M I C01000- 3 010- 1 - 1 - 5
  l o w  M I C 001214 0- 3 - 5 - 5 - 8 - 5
HW Inventory
  t o t a l 000001 0- 1 - 4 - 4 - 8 - 6
  high MIC 0 1 -1 -1 23 103 0 1 -1 -4 NA NA
  m e d i u m  M I C0- 24501 0- 25501
  l o w  M I C 000001 0- 1 - 5 - 6 - 1 1 - 8
Prices
  S W  p u l p 0021- 2 - 3
  HW pulp 0 -1 -1 -1 0 0
  S W  s a w 0000- 2 - 2
  HW saw 0 -1 -1 -1 -1 0
Welfare
  C S 000011
  PS -1 -1 2 1 -6 -7 2 -4 -2 -2 -18 -1721
Table 9.  Climate Change Scenario:15 % Southern Growth Rate Decline,
15 % Northern Growth Rate Increase.
Percent Change in Variables From Base Scenario Values.




  SW pulp 3 -6 -2 -1 -1 -8 7 -7 -3 -5 0 -13
  HW pulp 4 -1 3 3 -2 -7 4 23 6 1 24 -7
  SW saw -1 1 -3 -4 -2 2 7 -12 -11 -14 -8 -25
  HW saw -1 1 0 -2 2 6 -4 14 -15 -21 10 -54
SW Inventory
  total 0 1 -1 -1 3 0 0 -6 -5 -7 -6 -20
  high MIC 0 4 -6 -17 86 339 0 2 -7 -24 NA NA
  m e d i u m  M I C0301- 3 - 1 40001- 6 - 2 5
  l o w  M I C 0014 1 1 2 10 - 1 0 - 1 8 - 2 2 - 57
HW Inventory
  total 0 -1 -2 -1 -3 0 0 -4 -16 -19 -28 -37
  h i g h  M I C 0710 8 0 3 1 507- 1 - 9 N A N A
  medium MIC 0 -1 4 10 -16 -2 0 -1 4 10 -19 -5
  low MIC 0 -1 -2 -2 -2 1 0 -4 -19 -24 -31 -47
Prices
  SW pulp 0 0 2 10 -3 -6
  H W  p u l p - 2- 4- 5- 5- 5- 7
  S W  s a w 0 0- 1- 6- 3- 5
  H W  s a w - 4- 3- 5- 6- 5- 6
Welfare
  C S 000012
  PS -4 -5 -5 2 -15 -12 7 -15 -15 -9 -14 -5322
Table 10. Climate Change Scenario:50 % Southern Growth Rate Decline,
50 % Northern Growth Rate Increase.
Percent Change in Variables From Base Scenario Values.




  SW pulp 10 -16 -11 -8 -4 -57 29 -27 -9 -25 -20 -96
  HW pulp 17 22 22 25 -3 -35 16 62 50 -30 -44 -34
  SW saw -4 3 -16 -11 -5 14 28 -44 -39 -55 -54 -98
  HW saw -1 16 4 -11 6 31 -4 33 -31 -81 -86 -48
SW Inventory
  total 0 6 -5 0 0 -6 0 -19 -21 -31 -49 -79
  high MIC 0 6 -28 -31 337 591 0 -5 -34 -53 NA NA
  medium MIC 0 13 -1 -18 -39 -61 0 8 -3 -25 -59 -100
  low MIC 0 4 9 47 65 88 0 -33 -48 -25 11 33
HW Inventory
  total 0 -4 -9 -8 -10 -8 0 -14 -43 -61 -67 -70
  high MIC 0 10 7 21 318 560 0 8 2 -9 NA NA
  medium MIC 0 -4 24 -13 -60 -81 0 -4 25 -16 -70 -98
  low MIC 0 -4 -11 -8 -3 3 0 -15 -51 -70 -66 -61
Prices
  SW pulp -2 0 13 21 0 -14
  HW pulp -14 -21 -24 -27 -30 -34
  S W  s a w - 103- 60 - 1 3
  HW saw -15 -16 -19 -27 -37 -45
Welfare
  C S 110126
  PS -21 -11 -11 9 -16 -35 10 -58 -16 -30 -51 -9623
Table 11. Climate Change Scenario: 100 % Increase in Southern Establishment Costs.
Percent Change in Variables From Base Scenario Values.
National Effect  Southern Region Effect
Decade 1 2 3456 123456
Variable
Production
  SW pulp 3 -3 -15 -2 -1 -1 3 -4 -17 -3 -4 -2
  HW pulp -4 -1 2 1 -8 1 -29 -1 30 -10 -34 12
  SW saw -1 -1 -9 -1 1 0 3 -6 -13 -1 -2 -1
  HW saw -1 1 0 -1 7 0 -13 -14 32 -12 15 18
SW Inventory
  total 0 -2 -6 -3 1 -1 0 -5 -9 -6 -2 -2
  high MIC 0 6 10 56 2208 83 0 7 11 62 NA NA
  medium MIC 0 -19 -27 -27 -41 -5 0 -23 -31 -32 -52 -5
  l o w  M I C 026987 00 1 0 1 2 1 0 9
HW Inventory
  t o t a l 012100 05 1 0 - 2 - 14
  high MIC 0 9 13 218 1264 80 0 10 13 275 NA NA
  medium MIC 0 -28 -24 -52 -48 -11 0 -29 -25 -56 -52 -11
  l o w  M I C 023451 08 1 3 4 1 2 9
Prices
  S W  p u l p - 104756
  HW pulp 2 -1 -5 -5 -4 -6
  SW saw -1 0 12 8 6 7
  H W  s a w - 3- 1- 3- 2- 4- 5
Welfare
  CS 0 0 -2 -2 -1 -1
  PS -5 -4 4 18 8 3 -12 -16 19 18 4 1424
Table 12. Climate Change Scenario: 500 % Increase in Southern Establishment Costs.
Percent Change in Variables From Base Scenario Values.
National Effect  Southern Region Effect
Decade 1 2 3456 123456
Variable
Production
  SW pulp 0 -14 -27 -13 -17 -9 -3 -18 -31 -17 -25 -11
  HW pulp -3 -8 6 8 -15 -7 -42 1 30 6 -46 -8
  SW saw -6 -1 -13 -5 -3 -8 -3 -11 -21 -10 -24 -5
  HW saw -2 5 -3 -4 13 5 -26 2 26 -3 -1 30
SW Inventory
  total 0 0 -10 -7 -8 -8 0 -6 -19 -17 -21 -12
  high MIC 0 -4 8 143 2812 7736 0 -8 5 140 NA NA
  medium MIC 0 -29 -50 -69 -72 -78 0 -33 -54 -77 -81 -82
  l o w  M I C 0 9 2 22 12 23 2 0 5 3 32 94 07 3
HW Inventory
  total 0 1 2 2 -1 -4 0 7 9 -1 -10 -6
  high MIC 0 -8 33 259 2993 8790 0 -10 31 286 NA NA
  medium MIC 0 -50 -68 -72 -84 -82 0 -51 -70 -75 -88 -83
  l o w  M I C 035774 0 1 2 1 6 88 1 2
Prices
  SW pulp 7 9 41 44 32 30
  HW pulp 7 5 -3 -2 2 2
  S W  s a w 5 7 3 03 43 84 3
  HW saw 2 3 -2 0 1 2
Welfare
  CS -2 -3 -9 -8 -7 -8
  PS 2 4 81 117 75 58 -18 -18 110 138 49 99